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[57] | ABSTRACT

A voltage level converting circuit for outputting an
output signal of a write voltage level responsive to a
read voltage level input signal comprises an inverter
circuit biased with a power supply of the first voltage
level. The input signal is supplied through a transfer
gate circuit. A MOS transistor is provided between the
input of the inverter circuit and a power supply of the
write voltage level to pull-up the voltage level of the
input to the inverter circuit responsive to the output of
the inverter circuit. Another MOS transistor is pro-
vided between the output of the inverter circuit and
ground to pull-down the output voltage level respon-
sive to the input signal.

6 Claims, 2 Drawing Sheets
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1
VOLTAGE LEVEL CONVERTING CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention concerns a voltage level converting
circuit, and more particularly a voltage level converting
circuit for converting a read level voitage to a write
level voltage, and being installed in a nonvolatile mem-
ory, such as EPROM and EEPROM, etc.

2. Description of the Prior Art

Both the EPROM (Erasable Programmable Read
Only Memory) and the EEPROM (Electrical Erasable
Programmable Read Only Memory) retain data even if s
their power source supply is cut off. The data in the
EPROM may be erased by ultra violet rays, and the
data in the EEPROM may Be erased electricallY, and
both can be rewritten with new data.

FIG. 1is a block diagram of a conventional EPROM.
In FIG. 1, numeral 11 designates a control circuit for
selectively outputting a read level voltage VCC, e.g.,
+5 volt, or a write level voltage VPP, e.g., +12.5 volt.
Numeral 13 designates a voltage level converting cir-
cuit for converting a write enable signal WE of the read ,
level voltage VCC, which is supplied to an input termi-
nal 10, to a write level voltage VPP. A depletion type
MOS transistor 12 is biased with the write level vOltage
VPP, and supplied with an output signal of the voltage
level converting circuit 13. Another depletion tYpe ;,
MOS transistor 14 is biased with the read level voltage
VCC, and supplied with the WE signal through two
inverters 15 and 16, at the gate electrode thereof. The
output of the transistors 12 and 14 are supplied to a
column decoder 17 and a row decoder 18. 35

Numeral 19 shows a data-write control circuit, which
includes a voltage level converting circuit 20 for con-
verting a write-data D of the read level voltage, which
is supplied to a terminal 9, to the write level voltage.
The control circuit 19 further includes an enhancement 4q
MOS transistor 21 being supplied the output of the
voltage level converting circuit 20. The MOS transistor
21 acts as a load during a write operation, and supplies
the write level voltage VPP to a column gating circuit
22, in response to the output signal of the voltage level 45
converting circuit 20. The column gating circuit 22 1s
provided with a sense amplifier 23.

The output of the column decoder 17 is selectively
supplied to corresponding gate transistOr 25, to select
bit line 24. On the other hand, an output of row decoder 50
18 is selectively connected to control gate electrodes of
nonvolatile MOS transistors in a memory cell arraY 27.

In this construction, a write operation is performed
by selecting a memory transistor, e.g., a transistor 28, by
setting one of the output signals of the column decoder 55
17 and the row decoder 18 corresponding to the transis-
tor 28 to the write level voltage VPP. Namely, at first,
the write enable signal WE is set to ‘O’ level to obtain
an output signal of a write level voltage corresponding
to a *“1” level from the voltage level converting circuit 60
13. In this condition, the transistor 12 supplied with the
signal of *1” level, changes to the conductive state to
supply the write level voltage VPP to the column de-
coder 17 and the row decoder 18. The column decoder
17 and the row decoder 18 output an output signal of 65
the write voltage level in response to an address signal
(not shown), respectively. In accordance with the out-
put signal of the column decoder 17, for example, a gate
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transistor 25 is rendered conductive, and a bit line 24 1s
selected.

In this way, a transistor 28, which is positioned at the
cross point of the selected bit line 24 and word line 26 1s
selected. In this state, in the case where the write-data
D is “0” level, data is written into the transistor 28, since
the transistor 21 is conductive because it is supplied
with the level converted output signal of the VPP level
from the voltage level converting circuit 20.

FIG. 2 is a circuit diagram of a conventional voltage
level converting circuit used as the voltage level con-
verting circuits 13 and 20, in FIG. 1. An input signal Sin
having the read level voltage VCC corresponding to
the logical “1” level thereof is supplied to a terminal 36,
and is transferred to the gate electrodes of a P-type
MOS transistOr 33 and an N-type MOS transistor 34
through inverters 29, 30, and transfer gate transistors 31
and 32. The inverters 29 and 30 are biased with the
VCC voltage and the ground level voltage VSS. Thus,
the signal at the node A swings between the voltage
level VCC and ground level VSS, namely 0 volt.

The transfer gate transistor 31 acts to transfer the
VCC level signal to the node B, and to prevent the
transfer of the VPP level at the node B to the node A.
The transfer gate transistor 32 becomes nonconductive
when the gate voltage VPP 1s “0” level, and prevents a
formation of a conductive path between the node A and
the node B when the VPP is O volt. The drain electrode
of the transistors 33 and 34 are connected in common,
and connected to an output terminal 37 to output an
output signal QUT.

The output signal OUT is supplied to the gate elec-
trode of a P-type MOS transistor 35, which is connected
between the write level voltage VPP and the node B.
The gate electrode of the transfer gate transistor 311s
supplied with the read level voltage VCC, and the gate
electrode of the transistor 32 is supplied with the write
level voltage VPP. The source electrode of the transis-
tor 33 is suppled with the write level voltage VPP, and
the source electrode of the transistor 34 is connected to
around level VSS.

In this circuit, when the input signal Sin changes to
“1” level, namely the VCC level, the signal at the node
A changes to *“1” level, namely the VCC level. Thus,
the transistor 33 changes to a non-conductive state, and
the transistor 34 changes to a conductive state, to pro-
vide the output signal OQOUT at a “0” level. In this state,
the P-type MOQOS transistor 35 1s supplied with the “0”
level output signal OUT at the gate electrode thereof.
Thus, the transistor 35 changes to a conductive state to
supply the write level voltage VPP to the node B, to
speed up the change of the transistor 34 to the conduc-
tive state.

On the other hand, when the input signal Sin changes
to 07 level, the transistor 33 changes to a conductive
state, and the transistor 34 changes to a non-conductive
state to get an output signal OUT of “1” level. In this
state, the transistor 35 changes to a non-conductive state
as being supplied with the high level signal at the gate
electrode thereof.

However, 1n this construction, the voltage level pres-
ent at node B occasionally becomes insufficient to make
the transistor 34 conductive due to the voltage drop at
the transfer gate transistors 31 and 32, even if the input
signal Sin 1s at level 17,

FIG. 3 1s a circuit diagram of another conventional
voltage level converting circuit designed to improve
the above described defect of the circuit of FIG. 2.
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In this circuit, the gate electrode of the transistor 34
is directly connected to node A to eliminate the voltage
drop due to the transfer gate transistors 31 and 32.

However, in this construction, there is another prob-
lem. Namely, in the case where an ESD (Electro Static
Discharge) is supplied to a terminal for the write level
voltage VPP during a time when no power is supplied

to VPP and VCC, and the node A is in an imaginarY
grounding state, the surge voltage is supplied to the

output terminal 37, since the transistor 34 is non-con-
ductive and the transistor 33 is conductive. As a result,
the control gate and the drain of the memory cell tran-
sistor in FIG. 1 becomes high level. Therefore, a stress
is applied to the memory cell transistor to inject the
charge into a floating gate, or to perform an uninten-
tional writing. Thus, data in the memory may be dis-
turbed.

SUMMARY OF THE INVENTION

Therefore, an object of this invention is to provide an
improved voltage level converting circutt, which is free
from the unintentional output due to the surge voltage,
during the non-operative state.

To achieve the object this invention provides a volt-
age level converting circuit which receives an mput
logic signal of either a “one” or ”zero” level, wherein
‘the logic “one” signal is represented by a first voltage
level, and output a logic signal of either a “zero” or
“one” respectively, wherein the output logic “one”
signal is represented by a second voltage level higher
than said first voltage level, comprising: gate means for
receiving and transferring the input signal: inverter
means biased with a voltage of said second voltage level
for receiving the input signal from said gate means and
for outputting the output signal responsive to the input
signal: pull-up means responsive to a “zero” output
signal for raising the voltage level of the input signal to
the inverter means; and pull-down means responsive to
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a “one” input signal for lowering the voltage level ot 4

the output signal.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate an embodiment of the invention, and, together
with the description, serve to explain the principles of
the invention. Referring now to the drawings, like refer-
ence characters designate like or corresponding parts
throughout the several views. Of the drawings:

FIG. 1is a circuit diagram of a conventional EPROM
circuit.

FIG. 2 1s a circuit diagram of a conventional voltage
level converting circuit.

FIG. 3 is a circuit diagram of another conventional
voltage circuit diagram.

FIG. 4 is a circuit diagram of a preferred embodiment
of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 4, there 1s illustrated a circuit
diagram of a preferred embodiment of this invention.
An input signal Sin of a read level voltage, e.g, 435 volt,
is supplied to a terminal 50, and supplied to a node A
through two inverters 40 and 41. The inverters 40 and
41 are CMOS inverter circuits, and biased with the read
level voltage VCC and ground level VSS.

45
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33

65
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In the present invention, there is gate means for-re-
ceiving the input signal, and transferring it. In the pre-
ferred embodiment of FIG. 4, the gate means is 52. The
gate means 52 includes N-type MOS transistors 42 and
43 connected in series with respect to the input signal
Sin and a node B. The gate electrode of the MOS tran-
sistor 42 is supplied with a read level voltage VCC,
e.g.,+ 5 volt, and the gate electrode of the MOS transis-
tor 43 is supplied with a write level volitage VPP, e.g.,
+12.5 volt.

In the present invention, there is also provided an
inverter means. In the preferred embodiment of FIG. 4,
the inverter means is a CMOS inverter circuit which
includes a P-type MOS transistor 46 and an N-type
MOS transistor 47. The gate electrodes of the transis-
tors 46 and 47 are connected in common to the node B.
The source electrode of the transistor 46 is supplied
with a write level voltage VPP, and the source elec-
trode of the transistor 47 is supplied with a ground level
voltage VSS. The drain electrodes of the transistors 46
and 47 are connected in common {0 an output terminal
51.

In the present invention, there is also provided a
pull-up means increasing the level of the signal supplied
to the inverter means. In the preferred embodiment of
FIG. 4, the pull-up means includes a P-type MOS tran-
sistor 45 and a MOS capacitor 44. The source electrode
of the MOS transistor 45 is supplied with the write level
voltage VPP, and the drain electrode thereof 1s con-
nected to the node B. The gate electrode of the transis-
tor 45 is supplied with the output signal OUT. The
MOS capacitor 44 is constructed by connecting the
source and drain electrodes in common. The common
connection of the source and the drain electrodes 1is
supplied with the write level voltage VPP, and the gate
electrode thereof is connected to the node B.

In the present invention, there is also provided a
pull-down means for lowering the voltage level of the
output signal responsive to the input signal. In the pre-
ferred embodiment of FIG. 4, the pull-down means
includes an N-type MOS transistor 48 and a MOS ca-
pacitor 49. The source electrode of the transistor 48 i1s
supplied with the ground level voltage VSS, and the
drain electrode thereof is connected to the output termi-
nal 51. The gate electrode of the transistor 48 is con-
nected to the node A.

The MOS capacitor 49 is constructed by connecting
the source and drain electrodes of a MOS transistor in
common. The common connection of the source and
the drain electrodes is supplied with ground level volt-
age VSS, and the gate electrode thereof is connected to
the output terminal 351.

In this construction, when the input signal Sin
changes to “1” level, the signal at the node A becomes
level “1” of the read level voltage VCC. As the gate
electrode of the N-type MOS transistor 48 is directly
connected to the node A, the transistor 48 changes to a
conductive state to pull-down the voltage level of the
output QUT, even if the voltage level at the node B is
insufficient to make transistor 47 conductive due to the
voltage drop of the transfer gate transistors 42 and 43.
Thus, the voltage level at the output terminal 51 be-
comes “0” level. Furthermore, because the P-type MOS
transistor 43 is supplied with the output signal OUT and
1s made conductive, 1t acts to pull-up the voltage level at
the node B and thus the change of the MOS transistor
47 to the conductive state 1s speeded-up.
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On the other hand, when the input signal Sin changes
to “0” level, the P-type MOS transistor 46 changes to
the conductive state, and the N-type MOS transistors 47
and 48 change to a non-conductive state. Thus, the
output signal OUT becomes “1” level by being supplied
with the write level voltage VPP via the conductive
transistor 46. In this state, the p-type MOS transistor 45
supplied with the “1” level output signal OUT at the
gate electrode thereof changes to a non-conductive
stdte. Thus, as the node B is separated from the write
level voltage VPP, the stitching of the transistor 46 to
the conductive state is enhanced. Therefore, the level of
the output signal OUT rapidly becomes a “1” level,
namely the write level voltage VPP.

In this way, the read level voltage signal Sin is con-
verted to a write level voltage signal OUT, at the nor-
mal operation state.

Next, the operation of the circuit when a surge volt-
age is supplied to the write level voltage terminal will
be explained. In the state when no power supply volt-
age VPP and VCC are supplied to the circuit, the node
A is in an imaginary grounded state. Thus, the N-type
MOS transistor 48 is non-conductive. Furthermore, the
transfer gate transistor 42 is non-conductive, since no
gate voltage is applied to the gate electrode thereof. In
this condition, the surge at the write level voltage VPP
terminal can be transmitted to the output terminal 51
through the transistor 46. However, the surge voltage
appearing at node B makes the N-type MOS transistor
47 conductive. Thus, the surge voltage to the output
terminal 51 is shunted bY the transistor 47 to around.
Therefore, no surge voltage appears on the output ter-
minal 51.

The MOS capacitor 44 acts to raise or pull-up the
voltage level of the node B high, by transferring the
surge voltage to the node B. On the other hand, the
MOS capacitor 49 acts to lower or to pull-down the
voltage level of the output terminal 51 by coupling the
ground voltage level VSS to the output terminal 51.
Thus, the Operation of the circuit is speeded up.

In this way, the transfer of the surge voltage at the
write level voltage terminal is prevented.

Thus, when the voltage level converting circuit of
this invention i1s applied to an EPROM of FIG. 1, the
application of a surge voltage to the memory cell 1s
prevented. Therefore, the unintentional write or release
of the stored date 1s prevented, and the reliability of the
device 1s Iincreased. *

The present invention has been described with re-
spect to a specific embodiment. However, other em-
bodiments based on the principles of the present inven-
tion should be obvious to those of ordinary skill in the
art. Such embodimenis are intended to be covered by
the claims.

What is claimed 1s:

1. A voltage level converting circuit which receives
an input logic signal of either a “one” or “zero” level,
wherein the logic “one’ signal is represented by a first
voltage level, and outputs an output logic signal as
either a “zero” output signal or a ““one” output signal,
respectively, wherein the “one” output signal is repre-
sented by a second voltage level higher than said first
voltage level, comprising:

gate means for receiving and transferring the input

signal;

an output on which the output signal 1s provided;

inverter means biased with a voltage of said second

voltage level for receiving the input signal from
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said gate means and for outputting the output sig-
nal responsive to the input signal;

pull-up means responsive to the “zero” output signal

for raising the voltage level of the input signal to
the inverter means; and

pull-down means coupled to the output and respon-

sive to a “one” input signal for lowering the volt-
age level of the output signal.

2. The voltage level converting circuit of claim 1,
wherein the inverter means includes a CMOS inverter
circuit having an input supplied with the input signal,
and is coupled to the output for outputting the output
signal.

3. The voltage level converting circuit of claim 2,
wherein the gate means includes first and second MOS

transistors of a first conductivity type, each having a

20

25

30

33

40

43

50

55

60

63

source and drain path serially connected between the
input of said voltage level converting circuit and the
input of the CMOS 1nverter circuit.

4. A voltage level converting circuit which receives
an input logic signal of either a 37 one” or “zero” level,
wherein the logic “one’ signal is represented by a first
voltage level, and outputs an output logic signal as
either a “zero” output signal or a “one” output signal,
respectively, wherein the *“one” output signal 1s repre-
sented by a second voltage level higher than said first
voltage level, comprising:

gate means for receiving and transferring the input

signal; |

an output on which the output signal 1s provided,

inverter means biased with a voltage of said second

voltage level for receiving the input signal from
saild gate means and for outputting the output sig-
nal responsive to the input signal, the inverter
means including a CMOS inverter circuit having
an input supplied with the input signal, and coupled
to the output for outputting the output signal;

_ pull-up means responsive to the *zero” output signal
for raising the voltage level of the input signal to
the inverter means, the pull-up means including a
MOS transistor of a second conductivity type hav-
ing a gate electrode supplied with the output signal;
and

puil-down means coupled to the output and respon-

sive to a “‘one” input signal for lowering the volt-
age level of the owtput signal, the pull-down means
including a MOS transistor of said first conductiv-
ity type having a gate electrode supplied with the
input signal.

5. A voltage level converting circuit which receives
an inpwt logic signal of either a “one” or *“zero” level,
wherein the logic “one” signal is represented by a first -
voltage level, and outputs an output logic signal as
either a *zero’ output signal or a “one’” output signal,
respectively, wherein the “one” output signal is repre-
sented by a second voltage level higher than said first
voltage level, comprising:

gate means for receiving and transferring the input

signal;

an output on which the output signal is provided;

inverter means biased with a voltage of said second

voltage level for receiving the input signal from
said gate means and for outputting the output sig-
nal responsive to the input signal, the inverter
means including a CMOS inverter circuit having
an Input supplied with the input signal, and coupled
to the output for outputting the output signal:
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“pull-up means responsive to the “zero” output signal  sented by a second voltage level higher than said first
.. for raising the voltage level of the input signal to voltage level, comprisi}lg_: | o .
" _the inverter means, the pull-up means including a gate means for receiving and transferring the input

MOS transistor of a second conductivity type hav- signal, the gate means including first and SEFOHﬁ
ing a gate electrode supplied with the output signal; 3 MOS transistors of a first conductivity type, eac

* pull-down means coupled to the output and respon- having a source and drain path serially connected
" sive to a “one” input signal for lowering the volt- between the input of said voltage level converting

age level of the output signal, the pull-down means circuit and the input of the CMOS inverter circuit;

- : : ) utput signal 1s provided;
including a MOS transistor of said first conductiv- an output on which the outp & P

: . p lied with th 10 inverter means biased with a voltage of said second
ity type having a gate electrode suppliec Wlt the voltage level for receiving the input signal from

input signal; and | _ | ‘said gate means and for outputting the output sig-

wherein the pull-up means further comprises a capac- nal responsive to the input signal, the inverter

- itor for coupling the input of the CMOS inverter = paang including a CMOS inverter circuit having

- circuit to a voltage of the first voltage level. 15 an input supplied with the input signal, and being

- 6. A voltage level converting circuit which receives ~ coupled to the output for outputting the output

‘an input logic signal of either a “one” or “zero” level, ~ signal;

wherein the logic “one” signal is represented by a first pull-up means responsive to the “zero” output signal

voltage level, and outputs an output logic signal as for raising the voltage level of the input signal to
either a “zero” output signal or a “one” output signal, 20 the inverter means; and

respectively, wherein the “one’ output signal is repre- I I
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,926,070
DATED : May 15, 1990

INVENTOR({S) - Sumio Tanaka et al.

It is certified that esror appears in the above-ide-iified patent and that said Letters Patent is hereby
corrected as shown below:

Claim 4, line 21, and column 6, change "37" to =--"_--

Claim 6, line 21, and column 8, after "and" insert --pull-down
means coupled to the output and responsive to a "one"
input signal for lowering the voltage level of the
output signal, the pull-down means including a

capacitor for coupling the output of the CMOS inverter
circuit to ground.--

Signed and Sealed this
Sixth Day of October, 1992

Artest:

DOUGLAS B. COMER

Attesting Oﬁ?cer Acting Commissioner of Patents and Trademarks
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